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Reference: [1] 3dprintingfromscratch.com [2] www.swisstol2.com [3] www.hkpc.org 
[4] www.makerbot.com 


Development of passive devices from MMW to Terahertz range 


e Fast prototyping 
e High in printing accuracy (42um per step) 


e Relatively low in dielectric loss 
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361 element 60GHz dielectric 28A, x 28A, printed Fresnel zone Terahertz electromagnetic 
discrete lens antenna, 23.5 dBi plate lens antenna, 283 — 315 GHz crystal waveguide 
26.1 dBi gain 
WITHOUT Metallization = Transmission type Reflectivetype| * * 








Reference: [1] H. Yi, S-W. Qu, K. B. Ng and C. H. Chan, “3-D Printed Discrete Dielectric Lens Antenna with 
Matching Layer,” IEEE ISAP 2014 , Dec. 2014. dui 
[2] Z. Wu, W-R. Ng, M.E. Gehm and H. Xin, “Terahertz electromagnetic crystal waveguide fabricated by polymer jetting rapid City eco one Kong 
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Metallization on passive devices for MMW application 


Transmission type || esse meines 





361 element 60GHz dielectric 
discrete lens antenna, 23.5 dBi 





With metallization reflective type 


* Transfers from transmission mode to reflective mode by 
adjust the unit cell 


¢ Same 3D printing polymer from same printer 





* Both fed by WR-15 waveguide aperture 
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In 2014, metallization by spraying the metallic paint 


Printed by Objet30 Scholar 3D printer 
Polymer name : RGD240 
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BEFORE AFTER 


* From smooth and shiny surface to "rough" surface. Impossible to polish 
* Bad DC conductivity, the corner to Corner DC resistance 1s ~200 Q. 


* Copper particles cannot goes into the cavities and with non-uniform thickness 


In 2015, metallization by hybrid “| + 1” method is proposed 


Proposes a simple TWO steps process: 
1) Adhesion-promoting layer 
formation by RF sputtering 


2) Tradition chemical electroplating 


Advantages of the proposed metal deposition process: 


1) Whole process operating under 70 °C, prevents deformation 
of the printed structure 


2) ‘1 day” process time from printing to measurement 


3) Light in weight and support various of metal deposition 
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Deposition Process 


Discrete reflector 1s printed by Objet30 Scholar 3D printer 
Material: RGD240-Violet curable polymer (deform in shape above ~70 °C) 


Printing time of the reflector: 
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Deposition Process: Adhesion-promoting layer 
¢ RF sputtering: thin film thickness< 1 um 
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Deposition Process: Adhesion-promoting layer 


RF sputtering 


Operation time: 2 minutes 

* Mlultiple times: at least 8 times 

e 10 minute for cooling after each operation 
* Deposition rate: 30 nm/min 


E o 


7 


oi oN 

itte aaa 2 

ERG paiia E= h 
a paa 


| i 
Er L Dg 
aa 


E F 
ü x |a 7 
5 | | 
mud a u——— E a 

| " ioc A — 


reese 
| d | 






Before sputtering After sputtering 
~ A/N, =Œ State Key Laboratory of 
(AA * Millimeter Waves 


RHENO AS 
ia DNI — uic I X MEC AR ce EE City University of H Ko 
^ mn = — y y of Hong Kong 
Re kK S ES EK mW x SEM 
g : - í : S E E ec á 
E TE o XS EEEES D) rofessional- Creative 


For The World 
(Partner Laboratory in City University of Hong Kong) O 











A 


Deposition Process: copper electroplating 


Electroplating: thick film » 1 um 


DC power supply 


CuSO, solution 








Sample 






Electrons Plating 
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A 
Deposition Process: copper electroplating 


* Electroplating 


Operation time: 

e Deposition rate: 100 nm/min 
e Current: 1.8 A 

e Room temperature 
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Conductivity: copper electroplating 
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Simulation: 3D discrete reflector antenna 
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Measurement: Planar near field by NSI2000 


Test Range: 3GHz - 70 GHz © Measurement time: 


WR-15 WG adapter 
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Radiation Pattern (dB) 
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Measurement of proposed reflector for 60 GHz 
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Summary 


We have demonstrated low-cost, fast prototyping process for metallization 
of 3D printed structure 


Retaining the integrity of the structure during deposition process 
In house fabrication and measurement takes | day time only 


The measured results of 3D printed reflector antenna shows good 
agreement with simulation 


Future works 


Extends the process to other kind of passive devices 
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Thank you! 
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